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Background: Laparoscopic cholecystectomy (LC) is the operation of choice in the treatment of symp-
tomatic gallstone disease. The aim of this study is to identify risk factors for LC, outcomes include
operating time, length of stay, conversion rate, morbidity and mortality.
Methods: All patients undergoing LC between 1998 and 2007 in a single district general hospital. Risk
factors were examined using uni- and multivariate analysis.
Results: 2117 patients underwent LC, with 1706 (80.6%) patients operated on electively. Male patients
were older, had more co-morbidity and more emergency surgery than females. The median post-oper-
ative hospital stay was one day, and was positively correlated with the complexity of surgery. Conversion
rates were higher in male patients (OR 1.47, p ¼ 0.047) than in females, and increased with co-morbidity.
Emergency surgery (OR 1.75, p ¼ 0.005), male gender (OR 1.68, p ¼ 0.005), increasing co-morbidity and
complexity of surgery were all positively associated with the incidence of complications (153/2117
[7.2%]), whereas only male gender was signiﬁcantly associated with mortality (OR 5.71, p ¼ 0.025).
Conclusion: Adverse outcome from LC is particularly associated with male gender, but also the patient’s
co-morbidity, complexity and urgency of surgery. Risk-adjusted outcome analysis is desirable to ensure
an informed consent process.
 2011 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Gallstone disease is common in the adult western population
(10e15%), particularly amongst females and the older population.1,2
Between one and four percent of patients with gallstones become
symptomatic each year3 and may need to be considered for oper-
ative intervention. Untreated gallstones can cause life-threatening
illnesses such as acute cholecystitis, cholangitis, obstructive jaun-
dice and acute pancreatitis.
Whilst the incidence of hospital admissions for symptomatic
gallstone disease in England has increased by 53 percent between
the early 1990’s and the beginning of this century,4 there has been
furthermore a transformation in the therapeutic management of
symptomatic cholelithiasis with the introduction of Laparoscopic
Cholecystectomies (LC). LC has become the operation of choice for
symptomatic gallstone disease5e9 and is considered to be the most
common laparoscopic intervention in general surgery.10 Due to its
reduced post-operative pain, shorter hospital stay, operativele upon Tyne, Tyne and Wear
2578.
kala).
ciates Ltd. Published by Elsevier Ltmorbidity and mortality, LC has almost completely replaced open
surgery for cholecystolithiasis.11
Although LC has generally a low incidence of complications, the
conversion rate to open surgery and occurrence of morbidity and
mortality are particularly affected by the presence and severity of
inﬂammation8,12 advancing patient’s age8 male gender13e17 greater
bodyweight5,8,13 and previous abdominal surgery.7 However, to our
knowledge, all of the studies considering risk factors in LC have
originated from countries other than the UK. Most published
studies included relatively low patient numbers. In the present
study, we seek to identify the risk factors associated with operating
time, length of hospital stay, conversion rates, morbidity and
mortality of LC in the last decade in a single district general hospital
in the UK.2. Patients and methods
The study included all patients undergoing laparoscopic chole-
cystectomy (LC) between 1998 and 2007. The hospital serves
a mixed population of urban and rural communities in the North-
East of England and provides a specialist service with a dedicatedd. All rights reserved.
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Intestinal Team of Surgeons [NUGITS]) operating on symptomatic
patients with gallstones.
Patients were identiﬁed from both Hospital Episode Statistics
(HES) and operating theatre log books. Data were collected
retrospectively for the period between 1998 and 2003, and
prospectively for the years 2004e2007. For patients identiﬁed in
the earlier period, a review of case-notes was undertaken; for
patients included in the later period, patient demographics,
clinical and operative details and outcomes were obtained from
the departmental Surgical Information Recording and Interroga-
tion System SIRIS (Xentec ltd., Wallsend, Tyne & Wear, UK)
database, supported by case-notes review where required. All
data was securely stored in an EXCEL spreadsheet (Microsoft
Corporation, San Francisco, California, USA). Demographic data
included age, sex and co-morbidity score based on the grading
system of the American Society of Anaesthesiologists (ASA
grade).18 Other data included the dates of admission and
discharge, urgency of admission and surgery, date of surgery and
the type of operation comprising of laparoscopic cholecystectomy
(LC), on-table cholangiogram (OTC), laparoscopic common bile
duct exploration (LCBDE), and laparoscopic common bile duct
exploration with on-table cholangiogram (LCBDE & OTC). Length
of the operation was recorded in minutes, and the length of
post-operative stay recorded in days from surgery. The length of
stay (LOS) for same day admission and discharge (“day cases”)
was considered to have been zero. Furthermore, the need for
conversion to open surgery, the occurrence and type of compli-
cation and in-hospital mortality was recorded. The study was
registered and approved by the hospital’s clinical governance
committee.Table 1
Case-mix for patients undergoing LC and their effect on operating time and length of ho
n (%) OP time (min)
n ¼ 2,075
Mean (range)
Age
40 449 (21.2) 57 (12e279)
41e60 818 (38.6) 58 (11e280)
61e70 439 (20.7) 63 (11e272)
71e80 286 (13.5) 65 (12e245)
>80 125 (5.9) 75 (15e280)
Sex
Female 1565 (73.9) 59 (11e280)
Male 552 (26.1) 65 (12e280)
Co-morbidity
ASA I 685 (32.4) 56 (11e280)
ASA II 1065 (50.3) 61 (11e279)
ASA III 344 (16.2) 69 (15e280)
ASA IV 13 (0.6) 88 (25e148)
Missing 10 (0.5) 59 (35e90)
Urgency
Elective 1706 (80.6) 59 (11e280)
Emergency 411 (19.4) 69 (12e80)
Operation
LC 1913 (90.4) 57 (11e279)
LC þ OTC 82 (3.9) 70 (21e160)
LC þ CBDE 85 (4.0) 119 (25e280)
LC þ OTC þ CBDE 37 (1.7) 114 (54e264)
Conversion
No conversion 1984 (93.7) 57 (11e280)
Conversion to open 133 (6.3) 110 (30e280)
Operator
Consultant 1863 (88.0) 60 (11e280)
Trainee 254 (12.0) 65 (20e195)3. Statistical analysis
All statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS V.11, SPSS Inc., Chicago, Illinois,
USA). Patient and surgeon related variables were considered in
univariate analysis for association with each of the outcomes.
Signiﬁcancewas taken at the p 0.05 level. Chi-square (c2) test and
Chi-square (c2) test for trend were used for categorical variables,
Student’s t-test for parametric data andKruskaleWallis test for non-
parametric continuous variables. Formultivariate analysis, variables
of clinical importance and those with signiﬁcant associations
conﬁrmed in univariate analysis were introduced into a forward
selective set of logistic regression models predicting each outcome
separately, again assuming signiﬁcance at the p  0.05 level.
4. Results
4.1. Demographics
Between January 1998 and December 2007, 2197 patients
underwent cholecystectomy. Of these, 2117 (96.3%)were performed
with an intention to performLCwith orwithoutOTC and LCBDE. The
remaining 80 patients (3.8%) underwent a planned open cholecys-
tectomy and are not included in this analysis. Of the 2117 included
patients, 1706 (80.6%) were operated on electively. 828 (48.5%) of
elective patients were operated on with the intention of day case
surgery, but 134/828 (16.2%) had to be kept in hospital for a longer
time period. The case mix of the patients who underwent LC is
shown in Table 1. Males were older than females (Median age 63
[range 15e92] vs 54 years [range 15e100] respectively; t-test
p < 0.001), had more co-morbidity (ASA  III: 129/552 [23.4%] vsspital stay (n ¼ 2117).
LOS (days)
p Mean (range) p
<0.001 <0.001
1.28 (0e46)
1.32 (0e25)
2.48 (0e100)
3.25 (0e43)
4.08 (0e36)
<0.001 <0.001
1.68 (0e46)
2.81 (0e100)
<0.001 <0.001
1.03 (0e23)
1.82 (0e100)
4.03 (0e46)
10.77 (1e29)
1.44 (0e7)
<0.001 <0.001
1.55 (0e100)
3.76 (0e46)
<0.001 <0.001
1.73 (0e100)
2.02 (0e25)
5.67 (0e43)
6.19 (0e28)
<0.001 <0.001
1.61 (0e46)
7.41 (2e100)
<0.001 0.099
2.01 (0e100)
1.72 (0e14)
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surgery more often (125/552 [22.6%] vs 286/1565 [18.3%] respec-
tively, c2 test p ¼ 0.026).4.2. Operating time and length of hospital stay
The operating time was recorded for 2075 patients (98.0%), and
length of stay was known for all 2117 patients. The average oper-
ative time was 61 min (median 55 min [range 11e280]), and the
average post-operative length of stay (LOS) was 2.0 days (median
1.0 days [range 0e100]). Increasing age and co-morbidity, male sex,
emergency and more complex operations (i.e. OTC, LCBDE,
LCBDE&OTC), and conversion to open surgery were signiﬁcantly
associated with longer operating time and LOS (Table 1). Surgery
performed by trainees as the main operators was signiﬁcantly
associated with a longer operating time, but not with LOS. One
patient stayed a total of 100 days following an elective cholecys-
tectomy complicated by bleeding from the cystic artery, and
required a conversion to open surgery.4.3. Conversion to open surgery
A conversion to open surgery was required in 133/2117 (6.3%)
patients with decreasing trend across the years and a conversion
rate of 23/1011 (2.3%) in the last three years. This was more
common with advanced age, co-morbidity and in males (Table 2).
There was no signiﬁcant association with the type or urgency of
surgery, or the grade of the operator. In multivariate logistic
regression, the risk of conversion increased with the ASA grade and
was higher for male patients compared to females, while age was
not a signiﬁcant predictor when co-morbidity was accounted for in
the model. Type and urgency of surgery, as well as the grade of the
operator remained non-signiﬁcant (Table 2).Table 2
Risk factors for conversion to open surgery for patients undergoing LC in univariate
and multivariate analysis (n ¼ 2117).
Univariate
associations
Multivariate analysis
n (%) p Odds Ratio (95% CI) p
Age 0.002
40 15 (3.3) 1
41e60 48 (5.9) 1.43 (0.78e2.64) 0.253
61e70 39 (8.9) 1.86 (0.96e3.61) 0.065
71e80 19 (6.6) 1.16 (0.54e2.49) 0.714
>80 12 (9.6) 1.63 (0.69e3.89) 0.269
Sex 0.003
Female 84 (5.4) 1
Male 49 (8.9) 1.47 (1.00e2.15) 0.047
Co-morbidity 0.002
ASA I 23 (3.4) 1
ASA II 75 (7.0) 1.91 (1.15e3.16) 0.012
ASA III 33 (9.6) 2.49 (1.34e4.64) 0.004
ASA IV 2 (15.4) 4.66 (0.91e23.8) 0.064
Missing 0 0.02 (0.00e0.10) 0.732
Urgency 0.162
Elective 101 (5.9) 1
Emergency 32 (7.8) 1.31 (0.85e2.02) 0.220
Operation 0.852
LC 122 (6.4) 1
LC þ OTC 1 (1.2) 0.15 (0.02e1.12) 0.065
LC þ CBDE 7 (8.2) 1.06 (0.47e2.42) 0.885
LC þ OTC þ CBDE 3 (8.1) 1.03 (0.30e3.58) 0.961
Operator 0.574
Consultant 115 (6.2) 1
Trainee 18 (7.1) 1.18(0.70e1.99) 0.5405. Morbidity
Signiﬁcant complications occurred in 153 (7.2%) patients. These
included bile leaks in 31 (1.5%) cases, all treated by external
drainage. Bile duct injuries occurred in seven (0.3%) patients, two
major bile duct injuries (Bismuth Type 2) (0.1%) required primary
Roux-en-Y repair and four minor incisions into common bile duct
(Bismuth Type 1) and one right hepatic duct injury (Bismuth Type 1)
(all were sutured at primary operation with good outcome). Intra-
operative complications such as signiﬁcant bleeding, bowel injury
and liver laceration occurred in 34 (1.6%) patients. Cardio-respira-
tory complications occurred in 46 (2.2%) patients, with 58 (2.7%)
patients who had general complications such as wound infections,
port-site herniae and intra-abdominal collections.
Bile leaks were more frequently seen in emergency surgery
compared to elective surgery (14 [3.4%] vs 17 [1.0%], c2 test
p < 0.001), but were not associated with the age, sex and co-
morbidity of the patient, nor with the grade of the surgeon. Neither
the occurrence of bile duct injuries, nor that of speciﬁc intra-
operative complications showed association to measured factors.
Cardio-respiratory complications were more common with
increasing age (40: 2 [0.4%], 41e60: 11 [1.3%], 61e70: 9 [2.1%],
71e80: 17 [5.9%] and >80 years: 7 [5.6%]; c2 test p < 0.001), males
compared to females (25 [4.5%] vs 21 [1.3%]; c2 test p < 0.001).
Likewise increasing co-morbidity (ASA I: 4 [0.6%], ASA II: 14 [1.3%],
ASA III: 24 [7.0%], ASA IV: 4 [30.8%]; c2 test p < 0.001) and emer-
gency compared to elective patients (20 [4.9%] vs 26 [1.5%]; c2 test
p< 0.001). In logistic regressionmodelling of the risk for all types of
complications, the patient’s sex and co-morbidity, urgency and
difﬁculty of surgery were all associated with a greater morbidity
(Table 3).Table 3
Risk factors for complications for patients undergoing LC in univariate and multi-
variate analysis (n ¼ 2117).
Univariate
associations
Multivariate analysis
n (%) p Odds Ratio (95% CI) P
Age <0.001
40 23 (5.1) 1
41e60 38 (4.6) 0.84 (0.48e1.46) 0.535
61e70 40 (9.1) 1.42 (0.78e2.58) 0.250
71e80 37 (12.9) 1.55 (0.82e2.95) 0.181
>80 15 (12.0) 1.05 (0.47e2.31) 0.913
Sex <0.001
Female 92 (5.9) 1
Male 61 (11.1) 1.68 (1.17e2.40) 0.005
Co-morbidity <0.001
ASA I 34 (5.0) 1
ASA II 64 (6.0) 1.0 (0.63e1.60) 0.995
ASA III 50 (14.5) 2.01 (1.16e3.47) 0.012
ASA IV 4 (30.8) 4.70 (1.26e17.6) 0.022
Missing 1 (10.0) 2.30 (0.28e19.2) 0.441
Urgency <0.001
Elective 104 (6.1) 1
Emergency 49 (11.9) 1.75 (1.19e2.57) 0.005
Operation <0.001
LC 123 (6.4) 1
LC þ OTC 5 (6.1) 0.74 (0.29e1.91) 0.528
LC þ CBDE 18 (21.2) 2.74 (1.52e4.94) 0.001
LC þ OTC þ CBDE 7 (18.9) 2.32 (0.94e5.73) 0.069
Operator 0.057
Consultant 142 (7.6) 1
Trainee 11 (4.3) 0.60(0.32e1.14) 0.119
Table 4
Bismuth Classiﬁcation of Biliary strictures43.
Type 1 Low CHD stricture e hepatic duct stump >2 cm
Type 2 Proximal CHD stricture e hepatic duct stump <2 cm
Type 3 Hilar stricture, no residual CHD ehepatic duct conﬂuence intact
Type 4 Destruction of hepatic duct conﬂuence e right and left hepatic
ducts separated
Type 5 Involvement of aberrant right sectoral hepatic duct alone or with
concomitant stricture of the common hepatic duct.
CHD, common hepatic duct.
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Amongst the 2117 patients included in the study, ten in-patient
deaths (0.5%) occurred. Deaths weremore commonwith increasing
age (40: none, 41e60: 1 [0.1%], 61e70: 1 [0.2%], 71e80: 4 [1.4%]
and >80 years: 4 [3.2%]; c2 test p < 0.001), males compared to
females (7 [1.3%] vs. 3 [0.2%]; c2 test p ¼ 0.002), and increasing co-
morbidity (ASA I: none, ASA II: 4 [0.4%], ASA III: 4 [1.2%], ASA IV: 2
[15.4%]; c2 test p ¼ 0.001). There was no difference between
emergency and elective patients (4 [1.0%] vs. 6 [0.4%] respectively;
c2 test p ¼ 099). Eight deaths (0.4%) occurred after LC alone, and
one death occurred each following LCBDE and LCBDE & OTC. All ten
deaths occurred following surgery carried out by a consultant
operator.
In a multivariate model on the risk of operative death, only male
sex was a signiﬁcant predictor of mortality (OR 5.71 [1.25e26.1],
p ¼ 0.025).7. Discussion
Laparoscopic cholecystectomy has been well received by
surgeons and patients since its introduction in 198519e22 due to its
perceived lower incidence of post-operative pain, morbidity and
shorter length of hospital stay. Surgical trainees in the westernised
world are taught LC earlier and practice LC more often compared
to open cholecystectomy.14 In our institution, patients with biliary
diseases are treated by a dedicated team of laparoscopic surgeons,
offering the full range of biliary surgery including LC, OTC and
LCBDE, supported by endoscopic retrograde cholangio-pan-
creatography (ERCP) performed by gastroenterologists and
Magnetic Resonance Imaging Cholangiography (MRI-C). In our
unit a ﬂexible approach to the use of theatre lists is practiced,
allowing the accommodation of emergency patients and making
emergency cholecystectomy a commonly undertaken procedure.
This, however, is not yet common practice elsewhere in the UK.23
The comparatively low number of LC performed by trainees in this
series is likely result of a low trainee-consultant ratio, together
with a high proportion of junior trainees and the use of dedicated
surgical assistants in the operating room.
The presented rate of LC requiring conversion to open surgery in
this study is 6.3 percent, this is comparable with other studies
which reported conversion rates between 4.8 and 8%8,14,16,17 For
elective LC, a conversion rate of 2e15% has been reported, to which
our own ﬁgure of 5.9% is comparable.11,14,24e32 In the setting of
acute gallbladder disease, conversion rates from 5.6 to 32% have
been reported6,10,11,23,33e37 and our own ﬁgure compares well.
Several studies have showed that the conversion to open chole-
cystectomy could be mininmised by doing a subtotal or partial
cholecystectomy.38e40 While we cannot corroborate and conﬁrm
the number of subtotal cholecystectomies performed in the present
study, we concur with published literature that subtotal cholecys-
tectomy should be considered when the anatomy is unclear.
The incidence of bile duct injuries is reported to be higher in LC
compared to open cholecystectomy (0.1% - 0.2% Vs 0.4% to
0.7%).35,41,42 Bismuth43 was the ﬁrst to describe biliary strictures
based on the level of injury and the availability of the proximal end
of a damaged bile duct for anastamosis. This is helpful to the
surgeon in order to choose the appropriate repair procedure in the
individual patient (Table 4). Based on Bismuth’s classiﬁcation,
several other classiﬁcations have been proposed to include various
types of iatrogenic bile duct injuries during LC, however, none of
these classiﬁcation systems are universally accepted and vali-
dated.44 The rate of bile duct injuries (0.3%) in this series also
compares well with the generally reported ﬁgure, and they wereBismuth Type 1&2. Our mortality rate of 0.5% is similar to the
reported ﬁgure from Casey et al.’ s study (0.7%).45
Several studies have evaluated risk factors associated with the
morbidity andmortality in LC; many of these have assessed the role
of surgery for acute gallbladder disease and found a signiﬁcantly
increased incidence of conversion rate and major morbidity in
emergency LC compared to elective LC group.5e7,13 In this study, the
incidence of cardio-respiratory complications and bile leaks were
also signiﬁcantly increased for patients who underwent emergency
LC, although there was no association with conversion to open
surgery or mortality rates. Furthermore, both operative time and
the post-operative length of stay were longer for acute LC. The
increased incidence of morbidity should not preclude the use of
early LC for acute gallbladder disease, as this has been shown to be
safer than delayed surgery in a recent Cochrane review.46
Several studies have examined the role of age and co-morbidity,
with contradicting results. Some studies5,13,16,30 reported an asso-
ciation between a patient’s age and the rate of conversion to open
cholecystectomy. In contrast, other authors6,47e49 did not ﬁnd an
increase in morbidity or conversion rates amongst the elderly. In
this study, we found a signiﬁcantly increased incidence of cardio-
respiratory complications and conversion to open cholecystectomy
amongst older patients in univariate analysis, but the effect of age
was not signiﬁcant when other factors were adjusted for other
factors in multivariate analysis. As for the patient’s general health,
only few studies examined this aspect and use a variety of different
methods to evaluate co-morbidity; Suter et al.6 reported no asso-
ciation between the ASA grade and complication rates, while
Ibrahim and Pavlidis described obesity in particular to be associated
with post-operative problems.6,8,13 In this study, operating time,
length of stay, morbidity and conversion rates were signiﬁcantly
associated with increasing ASA grade of the patient, this remained
independent risk factors in multivariate analysis.
The difference between males and females in relation to the
disease processes, and male gender as risk factor for the outcome
from surgery for gallstone disease has been a particular topic of
interest. Several authors have reported that males were signiﬁ-
cantly older and had a more delayed presentation of symptomatic
cholelithiasis.15,17,36 Lein stated that the reasons for delayed
presentation may be due to psychological and social factors, and it
may be that a higher pain threshold in males does result in later
presentation at a more advanced stage of the disease than in
females.15 This point is further supported by the ﬁndings of Yol12
who observed that the inﬂammatory processes and ﬁbrosis in
acute cholecystitis was more severe in male patients. As for the
results from LC, male gender has been shown by several other
authors to be associated with adverse outcomes.7,8,13,15e17,30,36,50,51
Our own ﬁndings of longer operating time and length of hospital
stay, increased incidence of conversion and morbidity for male
patients concur with this. Most importantly, male sex was the
single most important factor in all examined outcomes, and the
only signiﬁcant factor predictive of operative death in multivariate
analysis.
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stone disease treated in a single district general hospital in the UK.
The comparatively large number of patients has allowed for the
assessment of patient and surgery related risk factors in some
detail. A limitation of this study was the retrospective data collec-
tion for the ﬁrst six years. This improved with prospective data
acquisition once the SIRIS database was functioning, and the
accuracy of prospective data capture was ensured by cross refer-
encing HES data and operative log books.
In conclusion, male gender and ASA grade were found to be
associated with an adverse outcome from LC, and are identiﬁed as
predictors of morbidity, conversion to open surgery and operative
death. More complex surgery, involving exploration of the common
bile duct, is also associated with a signiﬁcantly higher risk of
complications. The data obtained from this study has particular
usefulness in gaining informed consent from patients who need to
know their individual risks from surgery, as litigation amongst
patients who had bile duct injuries is common and costly to the
healthcare provider.52 Because some events like death are rare
following LC, series such as this study are needed to obtain data to
be used to inform patients. Thus, a prospective evaluation of risk
factors in a larger patient population or even at national level is
desirable to allow risk-adjusted analysis of surgical outcome and
risk-prediction for the individual patient.
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